INTRODUCTION
MANY SPECIES of the genus Crambus Fabricius are recognized as major insect pests of grasses and grains. The genus is distributed throughout the world, and about 100 species are known to occur in North America. Since 1929, when widespread damage was reported throughout North America, the sod webworms have become known as important lawn pests. According to Bohart (1947) , of the eighteen species reported from California, only two, the fawncolored lawn moth, C. bonifatellus (Hulst), and the silver-barred lawn moth, C. sperryellus Knots, are known to infest lawns.
Sod-webworm damage is difficult to diagnose and is often confused with other troubles. To identify lawn-moth injury, Bohart used the following criteria: (1) Irregular brown patches are usually present instead of the circular spots associated with fungus. (2) Shortness or uneven height of grass near dead areas evidences larval feeding. (3) Numerous adult moths are present, resting in the shrubbery or under window ledges near the lawn. (4) Abundant predatory yellowjackets or parasitic wasps and flies indicate a high population of host larvae. Green areas near damaged sections of the lawn may be tested with a pyrethrum solution. This solution is prepared from a watermiscible extract containing 2 per cent pyrethrins, diluted 1 part to 400 parts of water. The mixture is applied to grass with a. sprinkling can at the rate of 1 gallon per square yard. Bohart states that the appearance of at least 100 Crambus larvae to the square yard of lawn within 10 minutes after application of the pyrethrum solution indicates a serious infestation.
Practical methods of control, as advoca.ted today, involve the use of insecticides. According to Bohart, insecticides, when applied in sufficient concentration, give temporary control of Crambus infestations. The materials are pyrethrum and rotenone products, dichloroethyl ether, and acid lead arsenate. Only the latter prevented reinfestation. Ebeling, Pence, and Kimball (1947) found DDT to be promising for the control of sod web worms. Chlor-dane, DDT, and toxaphene are recommended for control of Crambus larvae in lawns by Jefferson and Eads (1951, 1952) .
Lawn moths have numerous natural enemies. Bohart (1947) reports that although many species appear to be casual predators, a few always accompany lawn moths and may assist in limiting their activities and in checking the reinfestation of treated lawns.
There are only a few reports of diseases of species of Crambus. Bohart suggests that larval diseases may occasionally have been responsible for sudden decreases in sod webworm populations that could not be attributed to other causes. He reports that four species of bacteria were isolated from diseased laboratory-reared larvae. These were a small Gram-negative rodprobably Escherichia coli (Migula)-a short and wider Gram-negative rod, a species of Staphylococcus, and a species of Streptococcus. He states that broth cultures of the four bacteria were poured over grass which was then fed to Crambus larvae. No increase in mortality took place as compared with larvae fed upon untreated grass.
Three species of pathogenic fungi have been reported. Ainslee (1923) mentions that a species of Isaria has been observed attacking Crambus mutabilis Clemens in Tennessee. A species of Empusa was reported to have caused death to crambid larvae in Ontario, Canada, by Stirrett and Arnott (1932) . Noble (1932) reports the presence of Beauveria bassiana (Balsamo) in populations of undetermined species of Crambus in Indiana. A strain of B. bassiana was isolated by C. G. Thompson of the Laboratory of Insect Pathology (Department of Biological Control, University of California) from dead larvae of an unidentified species of Crambus collected in Oregon.
A microsporidian, Nosema infesta Hall, was isolated by the writer from laboratory-reared larvae and pupae of Crambus bonifatellus in 1948. This organism has been found since in crambid populations in EI Cerrito, and Berkeley, California. It has been described completely in another publication (Hall, 1952) .
Two of the above-mentioned microorganisms, the strain of Beauveria bassiana received from Oregon and the microsporidian, will be discussed at much greater length later in this report in conjunction with tests to determine their usefulness as biological agents for controlling the sod webworm. Other organisms evaluated for their control potentialities are a strain of Beauveria bassioma from the European corn borer and a strain of the sporeforming bacterium, Bacillus thuringiensis Berliner from the Mediterranean flour moth, Ephestia kuhniella Zeller. The report is separated into three sections according to the microorganism concerned.
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NOSEMA INFESTA Production of Microsporidian Material
Difficulties were encountered in attempts to rear the sod webworm in large numbers for the cultivation of the micrcsporidian, Nosema infesta, an obligate parasite. Because of this, efforts were made to find one or more new hosts which could be reared in mass in the insectary or in the laboratory. Cross-infection tests indicated that two insectary-reared insects, the potato tuberworm, Gnorimoschema operculella (Zeller), and the' buckeye caterpillar, Junonia coenia Hubner, were suitable alternate hosts.
Production of N osema infesta was undertaken by infecting mass-reared buckeye caterpillars. Later an attempt was made to utilize the potato tuberworm as host, using the insectary method described by Finney, Flanders, and Smith (1947) . Certain modifications were made in this method to bring about infection of the tuberworms by the parasites.
Following superficial puncturing, the mature egg-sized potatoes were dipped in a suspension of the microsporidian spores (concentration about 50 million spores per ml). As the young larvae penetrated the potatoes, they ingested spores and became infected. Mature infected larvae were collected and ground in distilled water in a Waring blendor. This solution was then strained through a double layer of cheesecloth to remove the large particles. The resultant spore suspension was stored in the refrigerator.
The hope of a heavy yield of spores using the potato tuberworm as a host never materialized. After production was well under way, the yield began to drop. Operations were stopped when the quantity of spores produced became less than the amount used to bring about the infection of the larvae. It is to be noted that the spores used to infect, with the exception of those used at the beginning of production, had been passed through the potato tuberworm. It is possible that repeated passage of such an organism through a host other than its natural one may reduce its virulence toward such a host.
Laboratory Experiments with Nosema infesta
Storage of Spores. The most convenient way to store quantities of microsporidian spores is to keep the flasks of aqueous spore suspension under refrigeration at 5°C. Unfortunately, however, since the suspension also contains parts of the bodies of the tuberworm host, the bacteria that are present increase rapidly in spite of the low temperature. An effort was made to find other methods of storage which would hold down the bacterial contamination and at the same time to determine the longevity of the spores under various conditions of storage.
Quantities of spores were placed in storage under the following conditions: 1. Dry slides (at room temperature) 2. Water suspension in refrigerator (5°C) 3. Water suspension in deep freeze (-30°C) 4. Water suspension quick frozen (95 per cent ethyl alcohol-dry ice) and stored in deep freeze 5. Damp soil at room temperature Tests were made to determine infectivity on suitable host insects after 1, 2, 3, and 4 weeks, and 2, 3, 4, 5, 6, 9 , and 12 months. The insects used in the infectivity tests were the California oakworm, Phryganidia californica Packard, and the buckeye caterpillar. Which insect was used depended upon availability at the time of each test.
In conducting the infectivity tests, twenty-five containers were set up for each storage period, each container with 5 second-and third-instar larvae. Five of these containers were maintained as uninfected controls. The remainder were divided into five groups of four containers each. The 20 larvae in each group were fed leaves which had been dipped in a water suspension of spores from one of the five methods of storage. After about 2 weeks, smears of 5 larvae selected at random from each group were examined for the presence of spores. The results are presented in the upper section of table 1.
To check the results of the above experiment, a second longevity test was set up. The same methods of storage were tested after periods of 2 and 4 weeks, and 2, 3, 4, 5, 6, and 9 months. The results are presented in the lower section of table 1.
From the data (table 1), it appears that the method in which a water suspension of the spores is held in the deep freeze is the best for storage of spores of this microsporidian. The spores seem to survive longer with this method than with the water suspension in the refrigerator. Also, bacterial growth, which offers a serious problem in storage of spore suspensions in the refrigerator, cannot occur when the suspensions are frozen. One other insect can be added to the list of host insects for Nosema infesta. This insect, the fiery skipper, Hylephila phylaeus Drury, has not been tested in the laboratory but almost 100 per cent infection has been observed in larvae collected from lawns in EI Cerrito, California, where the microsporidian is known to be present in the sod-webworm population. Because of the high degree of parasitism, there is the possibility that the fiery skipper, instead of the lawn moth, may be the natural host for Nosema infesta.
Infection with Spore Suspensions of Varying Concentrations. A dilution test was set up to determine the effect on Crambus larvae of feeding on grass contaminated with Nosema spores from suspensions of known concentration. Spore suspensions of the following concentrations were tested: 50 million, 25 million, 10 million, 1 million, and 1/2 million spores per ml. The four lower concentrations were prepared by diluting the 50 million spores per ml suspension, the concentration of which had been determined with the use of a haemacytometer.
The third-instar Crambus larvae used in the test were laboratory-reared from eggs obtained from field-collected adult females. All of the larvae were set up, 5 to a carton. The cartons used in the laboratory tests were 1h-pint paper containers with Petri-dish tops. Thirty larvae were maintained as controls and fed uncontaminated grass. Five groups of 30 larvae were used in the test. All of the larvae of a single group were fed grass which had been dipped in one of the spore suspensions. Only a few blades of contaminated grass were placed in each carton at the beginning of the test. On subsequent days, vials of uncontaminated grass were placed in each carton to keep available to the larvae a fresh supply of food. The results are presented in table 2.
It is apparent that higher concentrations of spores in the initial infection speed up the activity of the disease organisms. With the use of higher concentrations, the time for the insects to show effects of the disease is shortened and the mortality is increased. Concentrations of 10 million spores per ml and above produced high mortality. With concentrations of 1 million spores per ml and below, the mortality was much lower.
Many of the control larvae were infected with the microsporidian. As stated before, the larvae were reared from eggs obtained from field-collected females. The moths, collected in EI Cerrito, California, were very likely infected and the protozoa passed on via the egg to the larvae. The percentage mortality in the control larvae was much lower than in the test insects. 
Field Experiments with Nosema infesta
A field test was conducted in the summer of 1949 in an effort to determine the possibilities of using Nosema infesta to reduce the population level of the sod webworm. The plot for this experiment was a lawn in Berkeley, California. When the lawn was first examined, many brown patches gave visible evidence of damage by lawn pests, and many Crambus adults were observed flying over the lawn, However, a weak solution of pyrethrum applied to border areas, as recommended by Bohart (1947) , brought to the surface only one sod webworm, which indicates a very small larval population at that time.
The lawn was divided into two equal sections with the control area on the windward side for protection against conta.mination when the spores were applied. The area to be sprayed measured about 5 by 10 yards. One liter of spore suspension (concentration about 200 million spores per ml) was diluted with 7 liters of water to make 8 liters of spray material (concentration about 25 million spores per ml). Application of this material was made with a Hudson garden sprayer. Approximately 4 billion spores were applied to each square yard of lawn.
One week later, a second application of spore material was made to one half the area sprayed previously. Eight liters of spore suspension (same concentration as before) was sprayed on the plot with approximately 8 billion spores applied to each square yard. Thus, the test area was divided into two parts. Test plot 1 had a concentration of 4 billion spores, test plot 2 12 billion spores per square yard. February, 1954] ,
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Since the total lawn area was limited, it was necessary to reduce the size of the areas tested with pyrethrum to small squares (about % by :lh yard).
Two squares from each sprayed plot and the control area were treated with a weak pyrethrum solution every few days and the insects collected were examined for the presence of spores. A record was kept of the location of each pyrethrum-treated, square to avoid repetition in the testing. The results are presented in figure 1. Although the sod-webworm population was very small, almost all of the larvae collected from the sprayed plots were found to contain quantities of spores, while most of those from the control plot contained no spores. The presence of some infected larvae in the control plot can be attributed to either migration of larvae from the sprayed areas or the natural occurrence of the microsporidian in the sod-webworm population. No significant differences were noticed between the plots sprayed with different concentrations of spores.
20.....-------------------
In the summer of 1950, a field test was conducted on a lawn adjacent to the Brazilian Room in Tilden Regional Park, just east of Berkeley, California. Two 10 yard by 10 yard areas were marked off. One area was reserved as a control. The other area was sprayed with a spore suspension prepared by mixing 1 liter of spore suspension (concentration about 50 million spores 542 Hilgardia [Vol. 22, No. 15 per ml) with 3 liters of water. Application was made with a Hudson garden sprayer. Approximately 500 million spores were applied to each square yard of lawn. The sampling technique involved the application of a weak pyrethrum solution every' few days to two lh-square-yard areas from each plot and counting the Crambus larvae that were brought up within 15 minutes. The insects collected were examined in the laboratory for the presence of spores. A record was kept of the location of each pyrethrum-treated area to avoid repetition in the testing.
A second test was made at the same site on a similar plot. The procedure for this test was the same as for the previous one except that a Lliter spore suspension of quadruple strength (concentration about 200 million spores per ml) mixed with 7 liters of water was utilized. The increase in volume of mixture was made in an effort to obtain better coverage of the grass by the spores. Approximately 2 billion spores were applied to each square yard of lawn.
The results of these two tests were very poor. In both cases, the introduction of the microorganism brought about no reduction of the population level of the insect. Only about 2 per cent of the larvae recovered during the first test were found to contain spores. When the concentration of spores, was quadrupled, only slightly better than 3.5 per cent of the larvae recovered were found to be infected.
The results of the field tests conducted during 1949 and 1950 using the microsporidian indicate that high concentrations of spore material per unit of lawn area may be necessary to initiate an epizootic in sod-webworm populations. This and the fact that spores of this obligate parasite are very difficult to produce in quantity may rule out the use of Nosema infesta, in microbial control of populations of Crambus in a short-term program. Such programs utilize agents which are capable of greatly reducing the insect populations present at the time of application.
Nosema infesta may be of use in a long-range program. High concentrations of spores applied to very small scattered plots may introduce the microsporidian into the Crambus population. From these foci, the disease may spread by natural means. In areas where Nosema infesta is known to occur, the disease is chronic in nature and apparently is passed from generation to generation via the egg. Infected larval populations cause little damage to lawns because the parasitized larvae are greatly weakened by the presence of the microsporidian and lose their vigor. February, 1954] Hall: Studies of Microorganisms 543
BACILLUS THURINGIENSIS
In 1911, Berliner, in Germany, reported the discovery of a disease of the larva of the Mediterranean flour moth, Ephestia kuhniella, caused by a sporeforming bacterium. In 1915 he described this organism and named it Bacillus thuringiensis. Mattes, in 1927 , isolated from diseased larvae of the Mediterranean flour moth a spore-forming bacterium which he reported to be Bacillus thuringensis. Smith, Gordon, and Clark (1946) and Steinhaus (1951) agree that the organism isolated by Mattes and also one described by Chorine (1929) as Bacillus thuringiensis are apparently the same as that described by Berliner and that Mattes' misspelling of the specific name undoubtedly was unintentional. Metalnikov and Chorine (1929a) isolated from diseased larvae of the Mediterranean flour moth a spore-forming bacterium which they named Bacterium ephestiae. This organism was found to be the same as Bacillus thuringiensis by Ellinger and Chorine (1930) .
According to Smith, Gordon, and Clark (1946) , the descriptions of Bacillus thuringiensis by Berliner, by Mattes, and by Chorine correspond to the common soil bacterium B. cereus Frankland and Frankland except for the statement by Chorine that mannitol was fermented. Steinhaus (1951) Several workers have tried Bacillus thuringiensis as a biological control agent against various pest insects. Berliner (1915) briefly discusses the possible use of B. thuringiensis in the control of the Mediterranean flour moth in granaries and flour mills. He suggests that the incorporation of bacterial spores with the grain and mill products could be an effective way of suppressing the pest. Shepherd (1924) reports the use of B. thuringiensis for the control of a cosmopolitan bran beetle, Echocerus cornutus (Fabricius) in Germany. Husz (1928 Husz ( ,1929 Husz ( ,1930 Husz ( ,1931 , in Hungary, reported the European corn borer, Pyrausta nubilalis (Hubner) , to be susceptible to the bacillus and indicated favorable results from spore dusts and sprays in field tests against this insect. Metalnikov and Chorine (1929a, b) , in laboratory tests, also found the bacillus to be pathogenic for the European corn borer, as well as for larvae of Portheiria dispar (Linn.) , Aporia crataegi Linn., and Vanessa urticae (Linn.) . Laboratory and field tests were conducted with B. thuringiensis against the European corn borer by Metalnikov, Hergula, and Strail (1930a, bj 1931) , Chorine (1930a, bj 1931) and Metalnikov, Ermolaev, and Skobaltzyn (1930) . Steinhaus (1951) found the bacillus to be highly virulent for the alfalfa caterpillar, Colias philodice eurytheme Boisduval, and conducted preliminary field tests. Further field tests against the alfalfa caterpillar using B. thuringiensis were made by C. G. Thompson (unpublished data).
The method used to produce Bacillus thuringiensis spore material is similar to that described by Steinhaus (1951) . The bacillus was grown on nutrient agar in 6-liter Povitsky bottles. In the preparation of spore material for field tests, the yield from 500 Povitsky bottles was 335 grams of dried spore powder, or about 0.7 gram per bottle.
Laboratory Experiments with Bacillus thuringiensis
Tests were conducted in the laboratory to determine the virulence of Bacillus thuringiensis for the sod webworm. The first attempt to infect sod webworms with the bacillus was made against second-and third-instar larvae. In this test, the Cramb us larvae were set up in groups of 5 to a Petri dish. In each dish were placed fresh grass clippings. Two groups of larvae were maintained as controls. Two dishes were sprayed with a B. thuringiensis spore suspension of unknown concentration and two dishes were dusted with pure spore powder. The results are presented in table 3.
A second test was made against fourth-and flfth-instar sod webworms. The larvae were set up in groups of 5 to a Petri dish. Fresh grass clippings were placed in each dish. Three groups of larvae were maintained as controls. A Bacillus thuringiensis spore suspension was prepared by mixing 0.5 gram of spores in 50 ml of distilled water. One dish was sprayed with the suspension for about 1 second (light dose). A second dish was sprayed for about February, 1954] Hall:' Studies of Microorganisms 545 2 seconds (medium dose) and a third dish for about 3 seconds (heavy dose) .
The results are presented in table 4. They indicate that heavy dosages of bacterial spores may be required to cause high mortality in fourth-and fifthinstar larvae in the shortest possible time. • Observations were made each day, but counts are given for 2-day intervals.
t Test discontinued after all the larvae had died or disappeared.
Greenhouse Experiments with Bacillus thuringiensis
The greenhouse experiments were preliminary in nature and were set up in lieu of actual field tests because the sod-webworm populations did not build up in nature during the 1951 season. Conditions for testing the bacillus against Crambus larvae were made as similar to those in nature as facilities would permit. Twenty 12 by 18 inch flats of Kentucky bluegrass were placed in a small nonheated greenhouse. Twenty laboratory-reared fourth-and fifthinstar Crambus larvae were put on each flat. Since the area of each flat is 1% square feet, 20 larvae per flat exceeds the 100 larvae per square yard established by Bohart (1947) as the economic level of sod-webworm populations. Each flat was ringed with Tanglefoot to trap any larvae attempting to leave the grass. 
15
... at different concentrations. The concentrations used were, per 21;2 gallons of water, 10 grams, 5 grams, and 1 gram of spore powder. Application of each spray was made with a Hudson garden sprayer at the rate of 2 1 h gallons of spray to 100 square yards of lawn.
Single flats from the control and the three test groups were treated with weak pyrethrum solutions (about 1 quart of 0.04 per cent water miscible pyrethrum per flat) on the second, fourth, sixth, eighth, and tenth days after application of the sprays. The number of larvae recovered were counted and recorded. The results are presented in figure 3 .
Not too great differences were evident between the three concentrations of spores used in the test. It should be noted that these concentrations per 100 square yards of lawn are considered to be high, but their use was considered advisable in this first simulated field test. February, 1954] 
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A second greenhouse experiment was set up in the same way except that fifteen flats were used, and each flat was inoculated with 40 Crambus larvae.
Five fiats were reserved as untreated controls. The other ten were sprayed with a Bacillus thuringiensis spore suspension, five flats at 1 gram and five at 0.1 gram of spores to 2 1 h gallons of water. As before, application of each spray was made with a Hudson garden sprayer at the rate of 2lh gallons of spray to 100 square yards of grass.
Single flats from the control and the two test groups were treated with weak pyrethrum solutions on the second, fourth, sixth, eighth, and tenth days after application of the sprays. The number of larvae recovered were counted. The results are presented in figure 4 . This second experiment, utilizing the smallest spore concentration (1 gram per 100 square yards) of the first experiment and also a 0.1 gram concentration, gave results rather similar, but not so clear-cut, as those in the first. The two experiments indicate that B. thuringiensis may be of value as a biological agent in the control of the sod webworm. Hilgardia [Vol. 22, No. 15 
TWO STRAINS OF BEAUVERIA BASSIANA
The fungus Beauveria bassiana (Balsamo) is the cause of one of the common "muscardine" diseases, white muscardine, in which the fruiting bodies arise on the exterior of the insect, forming a thick covering. The bodies of the insects infected with the fungus are transformed into white mummies. White muscardine, since it is so easily recognized, was the first acknowledged disease of the silkworm, Bombyx mori (Linn.). Until 1835 the disease was considered to be noncontagious in nature.
Bassi (1835) was the first to show that the disease is contagious and of parasitic origin. He showed that muscardine was caused by a fungus that multiplied in and on the body of the silkworm. Balsamo, according to Steinhaus (1949) , studied and described the fungus, giving it the name Botrytis bassiana. Audouin (1837a, b) observed that the disease was not peculiar to the silkworm and that many other insect species were susceptible. Beauverie (1911) studied the muscardine fungus, comparing it with another closely related species (Botrytis effusa Beauverie) found on silkworms. He showed that the two species possessed common properties and sJ'ggested that a new group be created to include them. It was Vuillemin (1912) who created the genus Beauveria with the species bassiana as the type. Clements and Shear (1931) have placed the genus Beauveria in synonymy with Phymatotrichum, but most authorities retain the former name.
According to Lefebvre (1931b) , the fungus grows well, at an optimum temperature of about 28°C, on most of the artificial media used to cultivate fungi. It characteristically produces a flat, mealy, chalky, pulverulent growth. Sporulation takes place in from 3 to 7 days. When the spore is placed in water it becomes swollen in 24 to 48 hours and puts out one or more slender thin-walled germ tubes. About 32 hours later the germ tubes extend up to 80 microns in length. When conidia are abundantly produced, they are borne in compact globose heads on the main hyphal branches or on short laterals that are usually at right angles to the main axis. Branching is frequently repeated, forming compact heads.
One of the first attempts to use Beauveria bassiana as a biological control agent was made by 'I'angl (1893) who tried to use the fungus against larvae of the nun moth, Lumaniria rnonacha Linn. His laboratory experiments were successful but the field tests gave negative results.
Considerable study has been made of the possibility of utilizing Beauveria bassiana for controlling the European corn borer. Metalnikov and Toumanoff (1928) and Toumanoff (1938) found the corn borer to be very susceptible to the fungus in Europe. Lefebvre (1931a, b) reported a laboratory outbreak of B. bassiana in larvae of the corn borer imported to the United States from Manchuria, He studied the fungus and made limited field tests, which indicated that the organism was a potential controlling agent of the corn borer. Bartlett and Lefebvre (1934) conducted field experiments against the corn borer in eastern United States. They indicated that larvae in the field were readily susceptible to attack by the fungus. Further field tests were conducted in Canada by Stirrett, Beall, and Timonin (1937) , and by Beall, Stirrett, and Conners (1939) . February, 1954] Hall: Studies of Microorganisms 549
Steyaert (1935-) attempted to use Beauveria bassiana to control the coffee berry beetle, Cryphalus (Stephanoderes) hampei (Ferrari), in the Belgian Congo. Jaynes and Marucci (1947) conducted successful laboratory and field tests with the fungus against larvae of the codling moth, Carpocapsa pornonella (Linn.) in New -Iersey. Populations of the Mexican bean beetle in New York were effectively controlled by the fungus, according to Dresner (1949) .
The fungi used in this research problem are considered to be two different strains of Beauveria bassiana (Balsamo). One strain was isolated from dead The two fungi are identical in most respects, differing only slightly in certain characteristics. The color of the culture and spore of the strain from Crambus is slightly darker than that of the corn borer strain. Although artificial media requirements appear to be the same, the culture growth of the Crambus strain is slightly more elevated. According to C. G. Thompson (unpubhshed data) , cultures of the corn borer strain mutate readily while 550 Hilgardia [Vol. 22, No. 15 cultures of the Crambus strain have never been observed to mutate. The Crambus strain is more pathogenic to the sod webworm and less effective against other hosts than the strain of Beauveria bossiana from the corn borer.
Production of Beauveria bassiana Spores
The fungus Beauveria bassiana (Balsamo) has been produced in quantity for field experiments by several workers. Bartlett and Lefebvre (1934) produced fungus spores in various types of Petri dishes and large galvanized trays. To produce a greater quantity of spore material for more extensive field experiments, they used a steam-sterilized culture cabinet similar in design to that described by Rorer (1913) . Cornmeal mush was found to be a suitable medium for growing the fungus in trays. Stirrett, Beall, and Timonin (1937) grew the fungus on soy-bean mash in Petri dishes, obtaining a spore yield per plate of from 0.1 to 0.4 gram. Beall, Stirrett, and Conners (1939) , also using soy-bean mash in Petri dishes, obtained an average yield of 0.45 gram per plate.
McCoy and Carver (1941) obtained large quantities of spores on moistened wheat bran and then purified them by an air-separation and filtration method. They obtained a yield of about 22 grams of spores per pound of medium. The air-separation method is considered to be impractical because of the danger involved. One attempt to obtain fungus spores by the McCoy-Carver method terminated in a serious spore-dust explosion causing injury to the operator. Dresner (1949) tried various ways to produce Beauveria bassiana spores in quantity. Unsuccessful methods included Erlenmeyer flask culture, cultivation on live vegetable matter, cultivation on whole seeds, and inoculation of large insects. Large-scale production of spores was accomplished by cultures on various bulk vegetable media in 9-cm Petri dishes. By culturing, collecting spores, and reculturing, Dresner produced spores at the rate of 60 grams per pound of dried beans.
From the Crambus Strain. The strain of Beauveria bassiana from Crambus sp. in Oregon adapted itself very readily to artificial media. The fungus grew readily on various autoclaved media including nutrient agar, potato, oats, cornmeal, wheat bran and wheatmeal. Because of low cost and ease in' handling, rolled oats of the common breakfast type was selected for use as the host medium in the production of spores of this fungus strain.
The yield from 100 standard-sized Petri dishes of oat medium was about 14 grams of spores or about 0.14 gram per dish. The yield from 266 large Petri dishes was about 55 grams of spores, or about 0.2 gram per dish.
An attempt was made to reculture the media as suggested by Dresner (1949) . Such a procedure resulted in greatly increased contamination of the harvested spores by spores of an Aspergillus sp. which grows readily on the oat medium. The quantity of Beauveria bassiana spores obtained from recultured media was rather small. Therefore, it was considered to be more advantageous to discard the old media after removing the spores and to set up the dishes immediately with fresh media.
From the Corn-Borer Strain. Quantities of spores of the strain of Beauveria bassiana from the European corn borer were produced. The yield from 93 standard-sized Petri dishes was about 13 grams or about 0.1 gram per dish. February, 1954] Hall: Studies of Microorganisms 551
The yield from 51 large Petri dishes was about 35 grams, or about 0.7 gram per dish. About 58 grams of spores were obtained from 227 large (20 cm) test tubes containing various agar-based media (potato-dextrose agar, potato infusion) . 
Laboratory Experiments with Beauveria bassiana
Retention of Virulence. Strains of Beauveria bassiana are known to retain their virulence for extremely long periods when kept on artificial media. An experiment was set up to determine the pathogenicity of spores of the strain from Crambus sp. after long periods of storage in various carriers under different conditions.
Spores of the fungus were set up in (1) talc, (2) Gaviota fertilizer, (3) wheat flour, and (4) no carrier (pure spores). Samples of each carrier and pure spores were stored as follows: (1) room temperature (23°C), (2) refrigerator (5°C), and (3) deep freeze (-30°C).
After a period of nine months, spore samples in each carrier under each storage condition were tested for pathogenicity for the sod webworm. Two 552 Hilgardia [Vol. 22, No.15 hundred sixty Crambus bonifatellus larvae were set up in groups of 10 per carton. Two groups were reserved as controls. Spores from each of the different carrier-storage methods were dusted on two groups of larvae. At the end of a IO-day period, the cartons were examined. The results of this test are presented in table 5.
Pathogenicity to Eggs and First-Instar Larvae. To determine the effect of the Crambus strain of Beauveria bassiana on the eggs and first-instar larvae of Crambus bonifatellus, three Petri dishes were set up, each containing 20 fertile sod-webworm eggs on a damp blotter. One dish was reserved as • No larvae were dead in the control group, which was not dusted with spores. a control. One dish was treated with a very heavy application of spores, accomplished by covering the eggs with pure spore powder, and one with a light dusting of spores, accomplished by shaking a spore-contaminated camel's-hair brush over the eggs. Six days later, all of the eggs had hatched; the fungus evidently has no effect on the egg. The heavy protective shell apparently prevents the penetration of the egg by the hyphal tube of the fungus. Within 3 days after hatching, some larvae were dead in all three dishes. Of these some died of a bacterial disease quite common among newly hatched larvae. Other dead larvae in the two test dishes showed evidence of external mycelial growth. This growth was much heavier on the dead larvae in the group treated with the heavy application of spores.
By the end of 7 days after eclosion, all of the remaining larvae in the heavydose dish were dead and covered with white mycelium. Only one larvae remained alive in the group lightly dusted with spores. The dead larva in this dish were covered with white mycelium. Five larvae remained alive in the control 'group and none of the dead larvae was covered with mycelium.
Virulence to Early-Instar Larvae. Laboratory experiments were conducted to determine the virulence of Beauveria bassiana for second-and third-instar larvae of the sod webworm. The first set of two tests was carried out with the strain of the fungus isolated from Crambus sp.
In the first test, four Petri dishes were set up, with 5 Crambus larvae in February, 1954] Hall: Studies of Microorganisms 553 each. Fresh grass was placed in each dish daily. Two dishes were reserved as controls, one test dish was lightly dusted with spores with a hand aspirator, and the other was given a heavy coating of them by the same method. The procedure in the second test was similar, except that six dishes of 5 larvae were set up, three dishes~ere reserved as controls, and three different dosages of spores were used on the three test dishes. The dosage was roughly determined by the number of squeezes of the bulb of a small hand aspirator: one dish was given one squeeze; the second, two; and the third, three. No determination was made of the number of spores applied to a unit area. The results of both tests are presented in the upper section of table 6. The data indicate that in laboratory tests against early-instar larvae, the concentration of fungus may be of less importance than the thoroughness of spore dispersion. The use of a hand aspirator insures an even dispersion of spores over the inner surfaces of a container.
In a second set of tests, the strain of Beauveria bassiana isolated from the European corn borer was similarly tested against second-and third-instar larvae. The methods in each test were the same as in the corresponding one 554 Hilgardia [Vol. 22, No. 15 with the Crambus strain. The results with the corn-borer strain are given in the lower section of table 6. The corn-borer strain appeared to be about as effective against these early-instar larvae as the Crambus strain; and the data similarly show no significant differences due to the dosages used.
Virulence to Late-Instar Larvae. Laboratory experiments. with both strains of the fungus were also carried out with fourth-and fifth-instar Crambus larvae. Six Petri dishes were set up, each containing 5 larvae, for each strain. Fresh grass clippings were placed in each dish. Three dishes in t Test discontinued after all the larvae had died or disappeared.
each set were maintained as controls. Spores were dusted on the larvae in the three test dishes for each strain, in three concentrations as described for the second test in each set of the preceding experiments. The results are presented in table 7. The length of time required for the fungus to kill the fourth-and fifthinstar larvae is somewhat longer than for the early-instar Crambus. Apparently the larger larvae are more resistant to infection. The strain isolated from the European corn borer was less effective against the late-instar larvae than the fungus strain from Crambus sp.
Greenhouse Experiments with Beauveria bassiana
Spore-Suspension Spray. Greenhouse experiments similar to those with Bacillus thuringiensis were set up to test the two strains of Beauveria bassiana. Duplicate experiments were carried out for the two strains. In each, twenty 12 by 18-inch flats of Kentucky bluegrass were set up in a small non- February, 1954] Hall: Studies of Microorganisms 555 heated greenhouse. After the grass had been clipped, 20 laboratory-reared fourth-instar Cramb us larvae were added to each flat. The rim of each flat was covered with 'I'anglefoot to trap any larvae attempting to leave the grass.
With each strain, five flats were reserved as unsprayed controls. The other fifteen flats were divided into three test groups of five fiats each. All were sprayed with a spore suspension prepared by mixing spore powder, bloodalbumen spreader (used as an emulsifying agent because these spores are not miscible with water), and water, but different concentrations of spore powder were used in the three groups: 10 grams, 5 grams, and 1 gram per 2% gallons of water. The concentration of blood-albumen spreader was the same in all: 10 grams per 2112 gallons of water. Application of each spray was made with a Hudson garden sprayer as in the previous experiments, again at the rate of 2lh gallons of spray to 100 square yards of lawn.
Single flats from the control and each of the three test groups with each strain of fungus were treated with weak pyrethrum solutions on the second, fourth, sixth, eighth, and tenth days after application of the sprays. The number of larvae recovered are shown in table 8.
The results indicate that the fungus had no adverse effect on the Crambus larvae in the flats. No mycelium-covered larval mummies were noticed during a survey of the experimental flats at the end of the test period. The loss of viability of the fungus spores may have been caused by the addition of the blood albumen used as an emulsifying agent.
The spore suspensions used in the experiment had been stored overnight in Spore-Talc Dust. A second greenhouse experiment was set up in the same way except that twenty-one flats were used for each fungus strain, and each flat was inoculated with 40 Crambus larvae. In each set of twenty-one flats, seven were reserved as untreated controls. The test flats in this experiment were dusted with a spore-talc mixture, seven in each set with a S per cent (by weight) and seven with a 0.5 per cent spore dust. Applications of the dusts were made with small aspirators at the rate of 100 grams of dust to 100 square yards of lawn.
Single flats from the control and the two test groups of each strain were treated with weak pyrethrum solutions on the second, fourth, sixth, eighth, tenth, twelfth, and fourteenth days after application of the dusts. The number of larvae recovered were counted. The results with the two strains are presented in figures 9 and 10. This second test, using spore-talc dust, gave more encouraging results than the previous test, .using a sprayed spore-water [Vol. 22, No. 15 suspension. The two spore concentrations gave quite similar results. In contrast with the previous test, larval mummies were seen in the test flats of both fungus strains after the sixth day.
The results of this test indicate that the corn-borer strain of the fungus, although able to infect and kill some sod webworms, is not as effective as the strain isolated from Crambus sp. This is in agreement with the laboratory tests discussed previously, in which the corn-borer strain was less effective than the Crambus strain against late-instar larvae. February, 1954] Hall: Studies of Microorganisms 559
DISCUSSION AND SUMMARY
Widespread damage to grasses by lawn moths of the genus Crambus Fabricius has been reported throughout North America since 1929. The efforts made to combat these pests have involved the use of insecticides. Many insecticides have been tested and recommended for use against the crambid larvae, including some of the chlorinated hydrocarbons such as DDT, toxaphene, and chlordane.
Lawn moths are known to have numerous natural enemies including the few reported diseases which have been mentioned previously. Except for the single laboratory experiment by Bohart (1947) using cultures of bacteria isolated from diseased Crumb-us larvae to infect healthy larvae, no previous efforts have been made to utilize biological agents in the control of the sod webworm.
The ideal microorganism for use as a biological control agent should: (1) display marked pathogenicity toward the insect pest; (2) be easily, rapidly, and inexpensively produced; (3) be easily stored without great loss of virulence; (4) be unharmful to man, beneficial insects, and plants; (5) be easy to handle and apply.
Few pathogens could qualify in all respects as the "ideal" agent. Of the four organisms considered herein for control of the sod webworm, Bacillus thuringiensis most nearly satisfies the requirements, followed by the fungi, the Beauveria bassiana strain from Crambus sp. and the B. bassiana strain from the European corn borer, and the microsporidian, Nosema infesta.
Two of the organisms considered herein were known to be pathogenic for species of Crambus. N osema infesta was isolated from C. bonifatellus, and one strain of Beauveria bassiana was isolated from dead larvae of an unidentified species of Crambus from Oregon. Bacillus thuringiensis and the European-corn-borer strain of Beauveria bassiana, both of which were known to be pathogenic for many species of insects, were tested in the laboratory to determine their pathogenicity for the sod webworm.
Spore Production. The goal in the production of microorganisms, for use in biological control, is to obtain large quantities of the resistant stage (usually the spore stage). Few obstacles are encountered when an organism will grow readily on artificial media without loss of virulence. Such was the case in the production of spores of Bacillus thuringiensis and the two strains of Beauveria bassiana. These organisms easily adapt themselves to a saprophytic existence on artificial media.
The problems of production increase when the microorganism will grow only on or within a living host. Nosema infesta is an obligate endoparasite, as are all of the Microsporidia. Two insects, the sod webworm, Crambus bonifatellus, and the fiery skipper, Hulephila phylaeus, appeared to offer the greatest potential from the standpoint of spores produced per insect. Unfortunately, the larvae of these insects were difficult to mass-produce. It was necessary, therefore, to use other less-productive hosts (the potato tuberworm and the buckeye caterpillar) in order to obtain enough spore material for limited field tests.
Storing Spores. The most efficient method of storing infective material
